Background: Discharging high concentrations of nitrogen compounds in industrial effluent such as those from fertilizer manufacturing plants can cause various environmental problems like eutrophication. Objective: to investigate the efficacy of the granular activated carbon (GAC) and limestone (LS) as low cost media in removing ammonium ions from aqueous solution. Methods: Batch experiments were conducted to evaluate the efficacy of GAC and different ratios of GAC and LS mixture in the removal of ammoniacal nitrogen. The investigated parameters included contact time, initial ammonium ion concentration, pH, and amount of adsorbent. The adsorption isotherm and adsorption kinetic of ammonium ions by a mixture of GAC and limestone (LS) was studied Results: The experiments showed that the efficacy of GAC alone on the adsorption of NH4-N was 95% at shaking time 150 min, agitation speed 210rpm, temperature 22ºC and pH 9. The efficacy of a mixture ratio LS: GAC (30:20) on the removal of NH4-N was 75%. Conclusions: The study concluded that the removal percentage of ammoniacal nitrogen by a mixture of lime stone and GAC increase with the increase of agitation time and decrease with the increase of initial concentration while alkaline pH was more favorable for the adsorption of ammoniacal nitrogen.
INTRODUCTION

Ammoniacal-nitrogen (NH
Nitrifying bacteria Moreover, cancers of the gastrointestinal tract system may be induced by formation of nitrosoamines from nitrite.
The removal ofNH 4 -N from wastewater is important in the alleviation of environmental problems including eutrophication, corrosion and fouling. (6) (7, 8) . In spite of this, activated carbon is expensive and its regeneration results in 10-15% loss of the activated carbon. Previous studies have investigated the effectiveness of a variety of low cost materials for ammonia removal (9, 10) such as clay (11) and zeolite (12, 13, 14) and limestone. (15, 16) The aim of the present study was to investigate the efficacy of the granular activated carbon (GAC) alone and its mixture with limestone (LS) as a low cost adsorbent in the removal of ammoniacal nitrogen from wastewater.
MATERIAL AND METHODS
Study setting:
The present study was an experimental study performed at laboratory of Faculty of Engineering, Pharos University in Alexandria, PUA, Egypt
Study design:
An experimental study was employed 
Batch adsorption studies
Batch adsorption experiments were conducted using total volume of media mixture (LS-GAC) 50 ml with 100 ml of calculated by equation (3) : ( The Freundlich isotherm fits according to equation (5):
Where q e is the amount sorbed per specified amount of adsorbent (mg g 
Adsorption Kinetic
The pseudo-first-order kinetic model has been widely used to predict sorption kinetics. The model given by Langergren (25) is defined as in equation (6):
Integrating Eq. (6) with respect to boundary conditions q=0 at t = 0 and q = q e at t = t, Eq. (6) becomes as shown in equation (7): ln(q e − q t ) = lnq e − k 1 t (equation 7)
Where q e and q t (mg/g) are the amounts of adsorbate adsorbed at equilibrium and at any time, t (h), respectively, and k 1 (h 
Adsorption mechanism
The plots of figure (8) showed that the initial sharp rise portion represents the intra-particle diffusion process, and the plateau portion corresponds to the final equilibrium process. The plots do not pass through the origin. 
Effect of solution pH
The highest ammoniacal nitrogen removal (85%) was achieved at pH 11 with GAC at initial concentration of 5 mg/l ( Figure   3 ). At pH 5 ammonia was largely in ionized (NH‫‬ + 4 ) form and was removed by adsorption but at pH ≥ 7 a substantial part of it was also in the molecular ammonia (NH 3 ) form, which was subject to gradual removal by ammonia stripping. (19, 20) 
Effect of initial concentration
The percentage removal for initial 
Isotherm model:
The adsorption isotherm behaves 
Adsorption mechanism:
The intraparticle diffusion model proposed by Weber and Morris (26) is applied to study the adsorption process, as in equation (8): 
The existence of an external layer diffusion process could be deduced by the fact that these plots do not pass through the origin. (29, 30) CONCLUSION: was mainly governed by particle diffusion.
